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(57) ABSTRACT 

The present invention relates to an optical module With a 

small siZe and improved mass-productivity. The optical 
module comprises a ?ber stub including an optical ?ber, a 
sleeve containing the ?ber stub, and a semiconductor optical 
amplifying device. A Bragg ?ber grating is formed in the 
optical ?ber. The optical ?ber is secured in the ferrule. The 
optical amplifying device and the grating form a laser cavity. 
Only a part of the holloW portion of the sleeve is ?lled With 
the ?ber stub. One end face of the optical ?ber is disposed 
at one end of the sleeve. The other end of the sleeve is 

holloW. The optical module acts as an optical receptacle. An 
optical plug can be inserted into the holloW end of the sleeve. 
This enables the laser light to be introduced into an external 
optical device. 
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FIBER STUB, OPTICAL MODULE, OPTICAL 
TRANSMITTER, AND OPTICAL 
COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a ?ber stub, an 
optical module including the ?ber stub, an optical transmit 
ter including the optical module, and an optical communi 
cation system including the optical transmitter. 

[0003] 2. Related Background Art 

[0004] Optical modules for supplying signal light to opti 
cal ?bers have Widely been in use in optical communication 
systems such as optical LAN. Such an optical module is 
placed Within an optical transmitter. In general, an optical 
module has a semiconductor laser system and an optical 
system for guiding laser light from the laser system to an 
external optical ?ber. As the laser system, a semiconductor 
laser device of Fabry-Perot type or DFB type can be used. 
In addition, an external cavity semiconductor laser system 
may also be used. In the external cavity system, a semicon 
ductor optical amplifying device and a Bragg grating con 
stitute an optical cavity. 

[0005] Examples of optical modules using an external 
cavity semiconductor laser system are disclosed in Electron 
ics Letters, Jun. 20, 1991, vol. 27, No. 13, pp. 1115-1116, 
Japanese Patent Application Laid-Open No. HEI 6-5961, 
Publication WO94/22187, and Japanese Patent Application 
Laid-Open No. 2000-353845. Each of the optical modules 
disclosed in Publication WO94/22187 and Japanese Patent 
Application Laid-Open No. 2000-353845 has a pigtail ?ber. 
The ?ber has a ?ber Bragg grating. The grating and a laser 
diode Within the module constitute an optical cavity. 

[0006] In the art, it is desired to doWnsiZe optical modules 
and optical transmitters. It is also important to improve their 
mass-productivity. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to provide a 
?ber stub that assists in doWnsiZing an optical module and 
improving mass-productivity of the optical module. 

[0008] It is another object of the present invention to 
provide an optical module and optical transmitter With a 
small siZe and improved mass-productivity. 

[0009] It is still another object of the present invention to 
provide an improved optical communication system. 

[0010] The ?ber stub in accordance With the present 
invention comprises a ferrule and an optical ?ber held in the 
ferrule. The ferrule has ?rst and second ends. The ?ber has 
?rst and second end faces. The ?ber has a ?ber grating. The 
?ber extends from the ?rst end to the second end in the 
ferrule. The ?rst end face of the ?ber appears at the ?rst end 
of the ferrule. The second end face of the ?ber appears at the 
second end of the ferrule. 

[0011] The optical ?ber in the ?ber stub has no pigtail. 
Therefore, an area for arranging the pigtail can be omitted in 
the optical module or optical transmitter. Also, since there is 
no pigtail, the optical ?ber Within the ?ber stub can be short. 
Thus, optical ?bers for use in the ?ber stub can be made 
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ef?ciently by forming a plurality of gratings in a long optical 
?ber and dividing the ?ber grating by grating. Therefore, the 
?ber stub yields a high mass-productivity. Further, the ?ber 
stub Without a pigtail is easy to handle. This improves the 
mass-productivity of the ?ber stub. Consequently, the ?ber 
stub in accordance With the present invention can achieve a 
smaller siZe and improved mass-productivity of an optical 
module or optical transmitter. 

[0012] In another aspect, the present invention provides an 
optical module. The optical module comprises a ?ber stub 
including an optical ?ber, and a semiconductor optical 
amplifying device having a light-emitting face and a light 
re?ecting face. The optical ?ber has a ?ber grating. The 
optical ?ber is optically coupled to the light-emitting face of 
the optical amplifying device. The ?ber grating and the 
light-re?ecting face constitute a laser cavity. The ?ber stub 
comprises a ferrule extending along the optical axis of the 
optical ?ber. The optical ?ber is secured in the ferrule. The 
optical ?ber extends from one end to the other end of the 
ferrule. A?rst end face of the optical ?ber appears at one end 
of the ferrule. A second end face of the optical ?ber appears 
at the other end of the ferrule. The second end face of the 
optical ?ber opposes the optical amplifying device. 

[0013] The second end face of the optical ?ber may be 
tilted With respect to the optical axis of the ?ber. Preferably, 
the acute angle formed betWeen the tilted end face and the 
optical axis of the ?ber is at least 82° but not greater than 
86°. When light from the optical amplifying device reaches 
the second end face of the ?ber, a part of the light is 
re?ected. When the re?ected light enters the optical ampli 
fying device, the device may be adversely affected, for 
example, light emission intensity decreases or optical noise 
occurs. When the end face of the optical ?ber is tilted With 
respect to the optical axis, the re?ected light can be pre 
vented from entering the optical amplifying device. There 
fore, the re?ected light does not adversely affect the optical 
amplifying device. 

[0014] An antire?ection ?lm may be provided on the 
second end face of the ?ber. Since the antire?ection ?lm 
loWers the re?ectivity at the end face, the incidence of the 
re?ected light on the optical amplifying device is reduced. 
Therefore, the adverse effect of the re?ection can be sup 
pressed. 

[0015] The optical module may further comprise a sleeve 
for containing the ?ber stub. The ?ber stub ?ts into a holloW 
portion of the sleeve. Only a part of the holloW portion is 
?lled With the ?ber stub. The second end face of the optical 
?ber is arranged at one end of the sleeve. The other end of 
the sleeve is holloW. The optical module may be an optical 
receptacle. In this case, the holloW end of the sleeve may 
contain one end of an optical plug to be connected to the 
receptacle. When the plug is connected to the optical mod 
ule, the output light from the optical module can easily be 
supplied to the outside by Way of the optical plug. 

[0016] The optical module may further comprise a stem 
for supporting the optical amplifying device, a lead terminal 
extending from the stem, a cap covering the optical ampli 
fying device, and a holloW holder attached to the stem. The 
optical amplifying device is mounted on the upper face of 
the stem. The lead terminal is electrically connected to the 
optical amplifying device. The lead terminal extends 
through the stem. The cap is mounted on the upper face of 
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the stem. The cap has a through hole in its upper Wall. The 
holder contains the optical amplifying device and the cap. 
The holder has a through hole in its upper Wall. The ?ber 
stub and the sleeve are mounted on the outer face of the 
upper Wall of the holder. When light is emitted from the 
optical amplifying device, the emitted light passes through 
the holes of the cap and holder to enter the second end face 
of the ?ber. External circuits such as a poWer supply circuit 
and a driving circuit can be connected electrically to the 
optical amplifying device via the lead terminal. 

[0017] The holder separates the optical amplifying device 
and the ?ber stub. The distance betWeen the optical ampli 
fying device and the ?ber stub can be adjusted by the siZe of 
the holder. The distance corresponds to the length of the 
laser cavity constituted by the light-re?ecting face of the 
optical amplifying device and the ?ber grating. That is, the 
cavity length can be adjusted according to the siZe (or 
height) of the holder. 

[0018] Each of the ?ber stub, sleeve, and holder may have 
a form axially symmetrical about the optical axis of the ?ber 
in the ?ber stub. This makes it easier to align the optical axis 
of the optical module With that of another optical compo 
nent. Also, an optical module With an axially symmetrical 
form is easy to handle. 

[0019] The optical module may further comprise a single 
lens or complex lens provided in the upper Wall of the cap. 
The lens is placed betWeen the optical amplifying device and 
the ?ber stub. Due to the condensing action of the lens, the 
light emitted from the optical amplifying device is ef?ciently 
led to the ?ber. 

[0020] In still another aspect, the present invention pro 
vides an optical transmitter. The optical transmitter com 
prises a substrate, a panel erected on the substrate, the 
optical module in accordance With the present invention, a 
driving circuit provided on the substrate, and electrical 
Wiring provided on the substrate. The optical module is 
attached to the panel. The electrical Wiring electrically 
connects the optical module to the driving circuit. The 
driving circuit supplies a driving signal to the optical module 
via the Wiring. 

[0021] In still another aspect, the present invention pro 
vides an optical communication system. This system com 
prises an optical transmitter, an optical receiver, and an 
optical ?ber channel connected betWeen the optical trans 
mitter and optical receiver. The transmitter includes the 
optical module in accordance With the present invention. 

[0022] The system may be a multiWavelength optical 
communication system. In this case, the system comprises a 
plurality of optical transmitters. Each of the transmitters 
includes the optical module in accordance With the present 
invention. The optical modules have respective oscillation 
Wavelengths different from each other. The system further 
comprises an optical multiplexer optically coupled to the 
transmitters. One end of the optical ?ber channel is con 
nected to the optical multiplexer. An optical demultiplexer is 
connected to the other end of the optical ?ber channel. A 
plurality of optical receivers are optically coupled to the 
optical demultiplexer. 

[0023] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
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and the accompanying draWings, Which are given by Way of 
illustration only, and thus are not to be considered as limiting 
the present invention. 

[0024] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
given hereinafter. HoWever, it should be understood that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a longitudinal sectional vieW shoWing a 
?rst embodiment of the optical module in accordance With 
the present invention together With an example of optical 
plug to be connected to the optical module; 

[0026] FIGS. 2A to 2F shoW a method of making a ?ber 
stub; 
[0027] FIG. 3 is a schematic diagram shoWing the con 
?guration of an embodiment of the multiWavelength optical 
communication system in accordance With the present 
invention; 
[0028] FIG. 4 shoWs a longitudinal section of a second 
embodiment of the optical module in accordance With the 
present invention and a side face of an example of optical 
plug to be connected to the optical module; 

[0029] FIG. 5A is a schematic perspective vieW shoWing 
the con?guration of an embodiment of the optical transmit 
ter in accordance With the present invention; and 

[0030] FIG. 5B is a schematic perspective vieW shoWing 
the con?guration of an optical transmitter in accordance 
With the prior art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] In the folloWing, embodiments of the present 
invention Will be explained in detail With reference to the 
draWings. In the explanation of the draWings, parts identical 
or equivalent to each other Will be referred to With numerals 
identical to each other Without repeating their overlapping 
descriptions. 

[0032] First Embodiment 

[0033] FIG. 1 is a longitudinal sectional vieW of a ?rst 
embodiment of the optical module in accordance With the 
present invention. The optical module 1 comprises a semi 
conductor optical amplifying device 20 and a ?ber stub 40. 
The semiconductor optical amplifying device 20 is mounted 
on a mounting member. In the embodiment, a stem 10 is 
used as an example of the mounting member. 

[0034] The stem 10 has a body 11, and lead pins 12a and 
12b. The body 11 is a substantially circular plate. The body 
11 has an upper face 11a and a loWer face 11b. Each of the 
upper face 11a and loWer face 11b has a substantially 
circular form. Both of the elongated lead pins 12a and 12b 
pass through the body 11. Most of the lead pins 12a and 12b 
extend outWard from the loWer face 11b. The body 11 and 
lead pins 12a and 12b are made of a metal. The lead pins 12a 
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and 12b are electrically insulated from the body 11 by an 
insulator (not shown in the drawings). 

[0035] On the upper face 11a, a pole 13 is arranged along 
an axis. The pole 13 is electrically connected to the lead pin 
12a. The pole 13 has a side face extending along the axis. A 
submount 14 is secured onto the side face. The semicon 
ductor optical amplifying device 20 is secured onto the 
submount 14. 

[0036] The optical amplifying device 20 has a multiple 
quantum Well structure. For example, the structure is dis 
posed on an InP substrate and has InGaAsP as an active 
layer. The optical amplifying device 20 has a light-emitting 
face and a light-re?ecting face on both end faces thereof, 
respectively. An antire?ection ?lm is provided on the light 
emitting face. The antire?ection ?lm suppresses the re?ec 
tivity of the light-emitting face to 0.5% or less, preferably 
0.1% or less. In the optical amplifying device 20, a re?ecting 
?lm is provided on the end face opposite to the light 
emitting face. This end face is the light-re?ecting face. The 
light-re?ecting face has a re?ectivity of at least 30% but not 
greater than 95%, preferably at least 60% but not greater 
than 80%. 

[0037] The antire?ection ?lm and re?ecting ?lm may be 
multilayer dielectric ?lms in Which dielectrics such as SiO2, 
TiO2, SiN, A1203, and MgF2 are laminated. When the 
material and thickness of each dielectric ?lm are determined 
appropriately, the antire?ection ?lm and re?ecting ?lm Will 
have the re?ectivities of the above ranges, respectively. 

[0038] The optical amplifying device 20 is secured such 
that its light-re?ecting face opposes the stem body 11 and 
becomes substantially parallel to the upper face 11a. The 
optical amplifying device 20 has tWo electrodes (not shoWn) 
as an anode and a cathode. One of the electrodes is con 

nected to the lead pin 12b by a bonding Wire, e.g., gold line. 
The other electrode is connected to the pole 13 by use of a 
bonding Wire. As a result, this electrode is electrically 
connected to the lead pin 12a by Way of the pole 13. 

[0039] A photodiode (hereinafter referred to as “PD”) 21 
is mounted on the upper face 11a of the stem body. The 
light-receiving face of the PD 21 opposes the optical ampli 
fying device 20 to optically couple With the light-re?ecting 
face of the optical amplifying device 20. The PD 21 operates 
as a monitoring device for detecting the intensity of the light 
exiting from the optical amplifying device 20. The PD 21 is 
arranged such that its light-receiving face tilts at an angle 
With respect to the light-re?ecting face of the optical ampli 
fying device 20. This Will be achieved if the upper face 11a 
is provided With a recess having a tilted face, and the PD 21 
is disposed on the tilted face. 

[0040] Acap 15 is attached to the upper face 11a. The cap 
15 is substantially formed like a lidded cylinder. The cap 15 
has an upper Wall 15a and an opening 15b at the both ends. 
The cap 15 may be made of a metal. The upper Wall 15a has 
a circular through hole 15d in its center. A lens 16 is ?tted 
into the hole 15d. Preferably, the lens 16 is a spherical ball 
lens or aspheric lens. The lens 16 is optically coupled to the 
light-emitting face of the optical amplifying device 20, and 
to an optical ?ber 42 Which Will be explained later. The lens 
16 converges the light from the optical amplifying device 20 
into the optical ?ber 42. 
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[0041] An annular ?ange 15c is provided around the 
opening 15b. The cap 15 is secured by Welding the bottom 
face of the ?ange 15c to the upper face 11a of the stem body 
11. 

[0042] When Welding the cap 15 to the stem 11, optical 
axis alignment may be carried out by the folloWing proce 
dure, for example. The optical amplifying device 20 and PD 
21 are mounted in place. The optical amplifying device 20 
is electrically connected to the lead pins 12a, 12b. The PD 
21 is electrically connected to a lead pin that is not shoWn 
in the draWings. The cap 15 is mounted on the body 11 such 
that the loWer face of the ?ange 15c comes into contact With 
the upper face 11a of the body. Thereafter, a level of current 
is applied betWeen the lead pins 12a and 12b to cause light 
emission of the optical amplifying device 20. The intensity 
of the light emitted from the optical amplifying device 20 
through the lens 16 is monitored. For positioning, the cap 15 
is slid on the upper face 11a to ?nd a position that causes the 
intensity of the light to be a predetermined value or higher. 
After the position is found, electric Welding is carried out 
While the cap 15 is held at this position, and thereby the cap 
15 is secured to the body 11. Thus, the optical axis alignment 
is ?nished. 

[0043] Preferably, the foregoing operation is carried out in 
the atmosphere of an inert gas, e.g., nitrogen (N2) or argon 

In this case, the inside of the cap 15 is easily ?lled With 
the inert gas. 

[0044] A holloW holder 31 containing the cap 15 is 
attached to the body 11 of the stem 10. The holder 31 is 
formed like a lidded cylinder. The holder 31 has an upper 
Wall 31a at its upper end. The loWer end of the holder 31 is 
provided With a ?ange 31b. The upper Wall 31a is provided 
With a through hole 31c extending along the center axis of 
the holder 31. The ?ange 31b is secured onto the upper face 
11a of the stem body. 

[0045] Preferably, the holder 31 is made of a metal, e.g., 
stainless steel. Preferably, in this case, the holder 31 and the 
body 11 are secured to each other by Welding. The holder 31 
is secured, for example, as folloWs. First, the holder 31 is 
mounted on the upper face 11a to contain the cap 15. 
Subsequently, the holder 31 and the body 11 are positioned 
such that their center axes coincide With each other, by use 
of a holding jig, for example. At positions indicated by 
letters D and E in FIG. 1, the holder 31 and the body 11 are 
Welded to each other electrically or by use of a YAG laser. 

[0046] An outer sleeve 32, an inner sleeve 33, and the ?ber 
stub 40 are secured onto the outer face of the upper Wall 31a 
of the holder. Preferably, the outer sleeve 32 is made of 
stainless steel. The outer sleeve 32 is substantially cylindri 
cal. Within the outer sleeve 32, the inner sleeve 33 and the 
?ber stub 40 are held. Thus, the outer sleeve 32 also 
functions as a holding member for holding the inner sleeve 
33 and the ?ber stub 40. 

[0047] The inner sleeve 33 also holds the ?ber stub 40. 
Preferably, the inner sleeve 33 is made of Zirconia. Prefer 
ably, the inner sleeve 33 is a so-called split sleeve. If the 
inner sleeve 33 is a split sleeve having an inner diameter 
slightly smaller than the outer diameter of the ?ber stub 40, 
the ?ber stub 40 Will be secured ?rmly to the inner sleeve 33 
When the ?ber stub 40 is simply inserted into the ?ber stub 
40. 
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[0048] The ?ber stub 40 is substantially cylindrical. The 
?ber stub 40 has a ?rst face 40a and a second face 40b at the 
both ends. In the following, the end face 40a farther from the 
optical amplifying device 20 and the end face 40b closer to 
the device 20 Will be referred to as ?rst and second end 
faces, respectively. 
[0049] The ?ber stub 40 is constituted by a tubular ferrule 
41 and the optical ?ber 42 inserted into the ferrule 41. The 
optical ?ber 42 has a core provided With a ?ber Bragg 
grating 42c. The ?rst end face 40a of the ?ber stub 40 is 
constituted by a ?rst end face 41a of the ferrule 41 and a ?rst 
end face 42a of the optical ?ber. The second end face 40b of 
the ?ber stub 40 is constituted by a second end face 41b of 
the ferrule 41 and a second end face 42a of the optical ?ber. 

[0050] Preferably, the second end face 41b of the ferrule 
41 and the second end face 42b of the optical ?ber 42 are 
tilted at an angle of at least 82° but not greater than 86° With 
respect to the optical axis of the optical ?ber 42. This tilt can 
prevent light re?ected by the second end faces 41b and 42b 
from returning to the optical amplifying device 20. This 
restrains the optical amplifying device 20 from loWering the 
output and generating optical noise. 

[0051] The foregoing explains a case Where the second 
end faces 41b and 42b are tilted With respect to the optical 
axis of the optical ?ber 42. In place thereof or together 
thereWith, hoWever, an antire?ection ?lm may be provided 
on the second end face 41b and/or 42b. The antire?ection 
?lm may also be a dielectric multilayer ?lm composed of 
SiO2, TiO2, SiN, A1203, MgF2, and the like. The re?ectivity 
of the antire?ection ?lm is preferably 0.5% or less, more 
preferably 0.1% or less. The antire?ection ?lm reduces the 
re?ection of light at the second end face 41b and/or 42b. 
This restrains the optical amplifying device 20 from loWer 
ing the output and generating optical noise. 

[0052] The outer sleeve 32 is secured onto the outer face 
of the upper Wall 31a of the holder 31. For this securing, 
electric Welding or YAG laser Welding is used favorably. At 
the Welding step, optical axis adjustment may be carried out 
by the folloWing procedure. First, the inner sleeve 33 and the 
?ber stub 40 are housed Within the outer sleeve 32 and 
secured. Subsequently, the outer sleeve 32 is mounted on the 
outer face of the upper Wall 31a of the holder 31. Thereafter, 
light is emitted from the optical amplifying device 20. This 
light is transmitted through the lens 16 and then through the 
hole 31c of the holder 31 to reach the second end face 40b 
of the ?ber stub 40. The outer sleeve 32 is slid on the upper 
Wall 31a such that the light enters the second end face 42b 
of the optical ?ber 42. This adjusts the position of the ?ber 
42 appropriately. The intensity of the light emitted from the 
?rst end face 42a is monitored. For positioning, the outer 
sleeve 32 is slid to ?nd a position that causes the intensity 
of the light to be a predetermined value or higher. Thereafter, 
While the outer sleeve 32 is held at the position, the outer 
sleeve 32 and the holder 31 are Welded to each other at 
positions indicated by letters B and C in FIG. 1. As a result, 
the outer sleeve 32, inner sleeve 33, and ?ber stub 40 are 
secured to the holder 31. 

[0053] A part of the second end face 40b of the ?ber stub 
40 is in contact With the upper Wall 31a of the holder. The 
inner sleeve 33 is longer than the ?ber stub 40. Therefore, 
the side face of the ?ber stub 40 mates With only a part of 
the inner Wall surface of the inner sleeve 33. The second end 
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face 42b of the optical ?ber 42 is placed at one end of the 
inner sleeve 33. The other end of the inner sleeve 33 is 
holloW. That is, the ?rst end face 40a of the ?ber stub and 
the part of the inner Wall surface of the inner sleeve 33 not 
mating With the side face of the ?ber stub 40 de?ne a space 
35 in one of the end portions of the inner sleeve 33. 

[0054] The outer sleeve 32, inner sleeve 33, and ?ber stub 
40 form a receptacle of an optical connector. Therefore, a 
plug of an optical connector can be inserted into the optical 
module 1. 

[0055] When an optical plug 2 is connected to the optical 
module 1, a ferrule 43 Within the plug 2 ?ts into the space 
35 as shoWn in FIG. 1. The ferrule 43 is inserted into the 
space 35 along the direction indicated by arroWAin FIG. 1. 
An optical ?ber 44 is inserted in the ferrule 43. When the 
optical plug 2 is connected to the optical module 1, the 
optical ?bers 42 and 44 optically couple With each other. 
Thus, the laser light from the optical module 1 is lead to the 
optical ?ber 44 through the ?ber 42. 

[0056] Each of the inner diameter of the second sleeve 33 
and the outer diameter of the ?ber stub 40 are determined to 
be almost the same as the outer diameter of the ferrule 43. 
Accordingly, the ?ber 42 in the stub 40 and the ?ber 44 in 
the ferrule 43 can be optically coupled in an easy Way. 

[0057] The optical plug 2 can be detachably attached to 
the optical module 1 by protrusions F and G provided on the 
outer side face of the outer sleeve 32. Thus, the outer sleeve 
32 functions as a connecting member for connecting the 
optical plug 2 to the optical module 1. 

[0058] Preferably, When the optical plug 2 is connected to 
the optical module 1, one end face of the optical ?ber 44 in 
the plug 2 is physically in contact With the ?rst end face 42a 
of the ?ber 42 in the module 1. As a result, the laser light 
transmitted through the ?ber 42 is ef?ciently introduced into 
the external ?ber 44. More preferably, the ?rst end face 42a 
of the ?ber 42 slightly projects from the ?rst end face 41a 
of the ferrule 41. This makes surer that the ?ber 42 in the 
module 1 and the ?ber 44 in the plug 2 come into contact 
With each other. Therefore, the laser light is more ef?ciently 
introduced into the external optical ?ber 44. 

[0059] In this embodiment, the outer diameter of the 
optical module 1 is 8 to 10 mm at the maximum. The length 
from the loWer end of the stem body 11 to the upper end of 
the second sleeve 32 is 13 to 15 mm. By contrast, the length 
of the optical module in the prior art using an external cavity 
semiconductor laser system is the sum of the length of its 
package, Which is about 20 to 30 mm, and the length of its 
pigtail ?ber, Which is about 1 In As can be seen from this 
comparison, the optical module 1 is very small. Therefore, 
the optical module 1 can be used favorably if it is desired to 
doWnsiZe a circuit board in an optical transmitter, for 
example. 

[0060] In the folloWing, With reference to the draWings, a 
method of making the ?ber stub 40 Will be explained in 
detail. FIGS. 2A to 2F shoW the method of making the ?ber 
stub 40. First, in this method, a columnar body 45 is 
prepared (FIG. 2A). The columnar body 45 can be made 
When ceramics such as Zirconia is molded into a cylindrical 
form. The outer diameter of the columnar body 45 is 
determined in vieW of the outer diameter of the ferrule of the 
optical plug to be optically coupled With the ?ber stub 40. 
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The height of the columnar body 45 is determined in vieW 
of the length of the ?ber Bragg grating 42c incorporated in 
the ?ber stub 40. Speci?cally, When the length of the grating 
42c is 1.5 mm to 2.5 mm, the height of the columnar body 
45 may be 2.5 mm to 3 mm. 

[0061] After the columnar body 45 is prepared, a hole 46 
passing through the columnar body 45 along its center axis 
is provided. The diameter of the hole 46 is appropriately 
determined according to the ?ber 42 to be inserted into the 
hole 46. The diameter of the hole 46 may be about 125 pm, 
for example. Forming the hole 46 completes the ferrule 41 
(FIG. 2B). 
[0062] Subsequently, a thermosetting adhesive 49 is 
injected into the hole 46 (FIG. 2C), and the optical ?ber 42 
is inserted into the hole 46 (FIG. 2D). The ?ber 42 has a 
?ber Bragg grating 42c. On the insertion of the ?ber 42, the 
grating 42c is placed in the middle portion of the ferrule 41. 

[0063] The optical ?ber With the ?ber grating may be 
made as folloWs. An optical ?ber made of silica glass is 
prepared. The ?ber includes an agent, such as GeO2, for 
inducing refractive index change by light irradiation. The 
?ber is irradiated With ultraviolet light. The ultraviolet light 
has a spatial intensity distribution that changes periodically. 
The irradiation forms the ?ber grating Within the ?ber. 
Giving a typical value as an example, the grating pitch may 
be about 0.53 pm. If the length of the grating is 1.5 mm to 
2.0 mm, the grating can sufficiently act as a laser cavity. The 
Bragg re?ection Wavelength of the grating With the pitch 
mentioned above can provide a Wavelength band of 1550 nm 
for the laser light. 

[0064] A plurality of gratings can be formed ef?ciently in 
a single optical ?ber. Particularly, When irradiation With 
ultraviolet light is intermittently repeated While moving an 
optical ?ber along its length, many gratings can be formed 
in a short time. Also, gratings With different pitches and/or 
lengths can be sequentially formed While moving the ?ber 
along its length. When the ?ber is cut grating by grating, a 
large number of short optical ?bers each including a single 
grating can be obtained. The ?ber stub in accordance With 
the present invention may be made With such a short optical 
?ber. When a variety of gratings With respective Bragg 
re?ection Wavelengths are prepared, optical modules With 
various laser oscillation Wavelengths can be made. 

[0065] Referring to the draWings again, the ?ber 42 is 
inserted into the hole 46 (FIG. 2D), and then the ?ber 42 is 
cut so as to project from both ends of the hole 46 by about 
0.5 mm, respectively. Thereafter, the ferrule 41 is heated to 
cure the adhesive (FIG. 2E). 

[0066] Subsequently, the upper and loWer faces of the 
ferrule 41 are ground. In the grinding, both end faces of the 
optical ?ber 42 projecting from the hole 46 are ground. As 
a result, the ?rst end face 40a and second end face 40b of the 
?ber stub 40 are formed (FIG. 2F). 

[0067] The grinding tilts the second end face 40b With 
respect to the center axis of the ?ber 42. As mentioned 
above, the tilted angle is preferably at least 82° but not 
greater than 86°. 

[0068] Also, at a result of the grinding, the ?rst end face 
42a of the optical ?ber 42 may slightly project from the ?rst 
end face 41a of the ferrule 41. In this case, the ?ber 44 in the 

Nov. 14, 2002 

plug 2 and the ?ber 42 in the ?ber stub 40 are likely to come 
into physical contact With each other When the leading end 
of the optical plug 2 is inserted into the space 35 in the inner 
sleeve 33. As a result, the light transmitted through the ?ber 
42 is ef?ciently introduced into the external ?ber 44 Without 
being re?ected by the end face of the external ?ber 44. 

[0069] In the folloWing, operations of the optical module 
1 Will be explained. When a current is applied to the optical 
amplifying device 20, light is emitted from the light-emit 
ting face of the device 20. The emitted light is converged by 
the lens 16 to enter the second end face 42b of the ?ber 42. 

[0070] In the light introduced into the ?ber 42, a light 
component With a Wavelength substantially the same as the 
Bragg re?ection Wavelength of the grating 42c is re?ected 
by the grating 42c. The re?ected light is emitted from the 
?ber 42 toWard the lens 16. Thereafter, the re?ected light 
passes through the lens 16 to reach the light-emitting face of 
the optical amplifying device 20. The light passes through 
the light-emitting face to penetrate the device 20. Then, the 
light is re?ected by the light-re?ecting face of the device 20. 
Subsequently, the light is repeatedly re?ected betWeen the 
light-re?ecting face and the grating 42c, and thereby ampli 
?ed to cause laser oscillation. That is, the grating 42c and the 
light-re?ecting face constitute a laser cavity. The length of 
the cavity, i.e., the distance betWeen the grating 42c and the 
light-re?ecting face, can be adjusted by the height of the 
holder 31. 

[0071] The laser light is transmitted through the grating 
42c to go out from the ?rst end face 42a of the ?ber 42. The 
?rst end face 42a is in contact With the end face of the 
external ?ber 44 When the plug 2 is connected to the module 
1. Therefore, the laser light enters the ?ber 44. Conse 
quently, the laser light going out of the module 1 is intro 
duced into the external ?ber 44. 

[0072] In the optical module 1, as mentioned above, a 
laser cavity is constituted by the light-re?ecting face of the 
optical ampli?er 20 and the grating 42c in the ?ber stub 40. 
The cavity causes laser oscillation. The laser light generated 
by the laser oscillation passes through the grating 42c and 
goes out of the ?ber 42. The external ?ber 44 into Which the 
laser light is to be introduced is optically coupled to the ?ber 
42 in the stub 40 by the inner sleeve 33. Therefore, the laser 
light is ef?ciently introduced into the external ?ber. 

[0073] The ?ber stub 40 is short because it has no pigtail 
?ber. The optical module 1 is small in siZe because it is 
constructed With such a short ?ber stub 40. Also, the ?ber 42 
With the grating 42c in the stub 40 can be easily formed With 
a good mass-productivity by irradiating an optical ?ber With 
ultraviolet light. When the ?ber 42 is inserted into the 
through hole 46 of the ferrule 41 and then end faces of the 
ferrule 41 are ground, the ?ber stub 40 is obtained. There 
fore, the ?ber stub 40 can be made With a good mass 
productivity as Well. 

[0074] Also, ?ber gratings With various Bragg re?ection 
Wavelengths can be obtained by simply changing the period 
of the intensity distribution of the ultraviolet light to be 
irradiated to an optical ?ber. Therefore, ?ber stubs 40 With 
various Bragg re?ection Wavelengths can be made easily. 
When the ?ber stubs 40 With various Bragg re?ection 
Wavelengths are used, optical modules 1 With various oscil 
lation Wavelengths can be made easily. 
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[0075] Each of the holder 31, outer sleeve 32, inner sleeve 
33, and ?ber stab has a form axially symmetrical about the 
optical axis of the optical ?ber 42. Therefore, the optical 
module 1 is easy to handle, and its optical axis can be 
aligned easily With that of another optical component. 

[0076] In the following, embodiments of the optical trans 
mitter and optical communication system in accordance With 
the present invention Will be explained. FIG. 3 is a sche 
matic diagram shoWing the con?guration of the optical 
communication system. The system is constructed by using 
the above-mentioned optical module 1. 

[0077] The optical communication system 100 comprises 
optical transmitters 111 to 118, an optical multiplexer 120, 
an optical demultiplexer 130, and optical receivers 141 to 
148. The transmitters 111 to 118 are connected to the optical 
multiplexer 120 by use of optical ?bers 111f to 118f, 
respectively. The optical multiplexer 120 and the optical 
demultiplexer 130 are connected to each other by use of an 
optical ?ber channel 150. The optical demultiplexer 130 is 
connected to the receivers 141 to 148 by use of optical ?bers 
141f to 148f, respectively. 

[0078] Optical modules 161 to 168 With different oscilla 
tion Wavelengths are placed in the transmitters 111 to 118, 
respectively. Each of the optical modules 161 to 168 has a 
con?guration substantially the same as that of the optical 
module 1. The ?ber stubs 40 included in the optical modules 
161 to 168 have gratings 42c Whose Bragg re?ection Wave 
lengths are )tl to k8, respectively. Therefore, the modules 
161 to 168 emit laser beams With Wavelengths of K1 to lg, 
respectively. For example, )tl=l536.6 nm, and )ti+l=)ti+3.2 
nm (Where i is a natural number of 7 or smaller). 

[0079] An output apparatus, Which is not shoWn, is con 
nected to each of the transmitters 111 to 118. Predetermined 
electric signals are sent from the individual output apparatus 
to their corresponding transmitters 111 to 118. 

[0080] In the folloWing, operations of the optical commu 
nication system 100 Will be explained. The transmitters 111 
to 118 receive respective electric signals from their corre 
sponding output apparatuses. In the transmitters 111 to 118, 
the electric signals are converted into optical signals by the 
optical modules 161 to 168. The optical modules 161 to 168 
send the laser beams having Wavelengths of M to A8 includ 
ing the optical signals to the optical ?bers 111f to 118f, 
respectively. These laser beams reach the optical multiplexer 
120 by Way of the optical ?bers 111f to 118f, respectively. 
Thereafter, the laser beams are multiplexed into a signal 
light by the optical multiplexer 120. The multiplexed signal 
light reaches the optical demultiplexer 160 by Way of the 
optical ?ber channel 150. In the optical demultiplexer 160, 
the signal light is demultiplexed into signal light compo 
nents With Wavelengths of K1 to k8. The signal light com 
ponents reach the receivers 141 to 148 by Way of the optical 
?bers 141f to 148f, respectively. In the receivers 141 to 148, 
the signal light components With Wavelengths of M to k8 are 
converted into electric signals, Which are outputted to exter 
nal circuits. 

[0081] Like the optical module 1, the optical modules 161 
to 168 are small in siZe. Therefore, the transmitters 111 to 
118 can be easily made smaller. 

[0082] A plurality of optical modules 161 to 168 With 
different oscillation Wavelengths can easily be made using 
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the ?ber stubs 40 With different Bragg re?ection Wave 
lengths. Therefore, the multiWavelength optical communi 
cation system in accordance With the embodiment can be 
constructed easily. 

[0083] Second Embodiment 

[0084] In the folloWing, a second embodiment of the 
optical module in accordance With the present invention Will 
be explained. FIG. 4 shoWs a longitudinal section of the 
optical module 50 in accordance With this embodiment. 
FIG. 4 also shoWs the side face of an example of optical 
plug 300 to be connected to the optical module 50. 

[0085] In the optical module 50, a fastener 320 is used in 
place of the outer sleeve 32 of the above optical module 1. 
Except for this point, the module 50 has substantially the 
same con?guration as the module 1. In the folloWing, the 
difference betWeen these modules Will be explained mainly. 

[0086] The optical module 50 is provided With the thread 
type fastener 320. The fastener 320 acts as a connecting 
member for an external optical plug. The fastener 320 also 
acts as a holding member for holding the inner sleeve 33 and 
the ?ber stub 40. The outer side face of the upper end of the 
fastener 320 has an external thread 321. The fastener 320 
may be made of stainless steel. 

[0087] The fastener 320 has a hole 320a passing through 
the fastener 320 along its center axis. The inner sleeve 33 
and the ?ber stub 40 are held Within the hole 320a. A ferrule 
300a of the optical plug 300 is inserted into the space 35 
de?ned by the inner face of the inner sleeve 33 and the ?rst 
end face 40a of the ?ber stub 40. The optical plug 300 Will 
be explained later. An optical ?ber 42 is provided Within the 
?ber stub 40. The optical ?ber 42 is optically coupled to the 
optical amplifying device 20 by Way of a lens 16. 

[0088] The loWer end of the fastener 320 is provided With 
a ?ange 320b. The ?ange 320 has a plurality of through 
holes 320c arranged about the center axis of the ?ange 320. 
The through holes 320c are used for inserting screWs When 
securing the fastener 320 to a panel or the like. 

[0089] The optical plug 300 shoWn in FIG. 4 is fastened 
to the fastener 320. The plug 300 has the ferrule 300a, a 
sleeve 300b, and a ring 300c. An optical ?ber 350 is inserted 
into the ferrule 300a. The ferrule 300a is inserted into the 
sleeve 300b. The ring 300c is rotatably attached onto the 
outer side face of the sleeve 300b. The inner side face of the 
ring 300c has an internal thread. The internal thread has the 
same pitch as that of the external thread on the fastener 320. 
Therefore, the fastener 320 and the plug 300 can be threaded 
together. 
[0090] A protrusion 301b is provided on the outer side 
face of the sleeve 300b. The protrusion 301b can ?t into a 
cutout (not shoWn) provided in the fastener 320. When the 
protrusion 301b ?ts With the cutout, the optical ?ber 350 can 
be prevented from tWisting When rotating the ring 300c. 

[0091] In the optical module 50, as in the optical module 
1, a laser cavity is constituted by the light-re?ecting face of 
the optical amplifying device 20 and the Bragg grating 42c 
Within the ?ber stub 40. The laser cavity generates laser 
oscillation. The laser light generated by the laser oscillation 
is emitted through the grating 42c. 

[0092] When the ferrule 300c is inserted in the space 35 
Within the optical module 50, the external optical ?ber 350 
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and the ?ber stub 40 are optically coupled. Therefore, the 
optical module 50 exhibits the same effects as the optical 
module 1 in accordance With the ?rst embodiment does. 
Further, since the threaded optical plug 300 and threaded 
fastener 320 are used, the external optical ?ber 350 can be 
connected and secured to the optical module 50 ?rmly. 

[0093] In the following, an optical transmitter comprising 
the optical module 50 Will be explained. FIG. 5A is a 
schematic perspective vieW shoWing an example of optical 
transmitter 200. For comparison, FIG. 5B shoWs an 
example of an optical transmitter comprising an optical 
module in the prior art. 

[0094] In the optical transmitter 200 shoWn in FIG. 5A, 
the optical module 50 is fastened to a panel 201 by screWing. 
Lead pins 12a and 12b of the optical module 50 are bent like 
letter L. Leading ends of the lead pins 12a and 12b are 
soldered to electrical Wiring patterns 203a and 203b on a 
substrate 202. The Wiring patterns 203a and 203b are 
electrically connected to a driving circuit 204. The driving 
circuit 204 sends a driving signal to the optical module 50 
via the Wiring patterns 203a, 203b and lead pins 12a, 12b, 
and thereby drives the optical amplifying device 20 in the 
optical module 50. Also, an output signal from the PD 21 in 
the optical module 50 is sent to the driving circuit 204 via 
lead pins and Wiring patterns that are not shoWn. The driving 
circuit 204 has an input terminal (not shoWn) for receiving 
an electric signal from a peripheral circuit. 

[0095] On the other hand, the optical transmitter 400 
shoWn in FIG. 5B uses an optical module 51 of the prior art. 
In the optical module 51, unlike the optical module 50, a 
pigtail type optical ?ber 51a extends from a package 51b. 
The length of the ?ber 51a is about 1 m, for example. A 
grating (not shoWn) is formed in the ?ber 51a. The grating 
constitutes a laser cavity together With the light-re?ecting 
face of an optical amplifying device (not shoWn). 

[0096] An optical connector 405 is secured to a panel 401. 
The ?ber 51a extending from the optical module 51 is 
connected to one end of the connector 405. An external 
optical ?ber (not shoWn) into Which light emitted from the 
module 51 is to be introduced is connected to the other end 
of the connector 405. 

[0097] Lead pins 51c and 51d of the module 51 are bent 
like letter L. Leading ends of the lead pins 51c and 51d are 
soldered to Wiring patterns 403a and 403b on the substrate 
402, respectively. The Wiring patterns 403a and 403b are 
connected to a driving circuit 404. The driving circuit 404 
has an input terminal (not shoWn) for receiving an electric 
signal from a peripheral circuit. 

[0098] As shoWn in FIG. 5B, the pigtail ?ber 51a With a 
length of about 1 m is Wound like a coil and mounted on a 
substrate 402 in the optical transmitter 400. In vieW of the 
bending loss, it is necessary to Wind the ?ber 51a like a coil 
With a diameter of about 10 cm. Since the space for 
mounting the coil-shaped ?ber 51a is necessary on the 
substrate 402, the substrate 402 is large. 

[0099] On the other hand, as can be seen When FIGS. 5A 
and 5B are compared, the substrate 202 can be smaller in the 
optical transmitter 200 including the optical module 50. This 
is because that the optical module 50 does not include the 
pigtail ?ber and therefore the optical module 50 is small. 
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Thus, the optical transmitter can be made smaller if the 
optical module in accordance With the present invention is 
used. 

[0100] The optical module in accordance With the present 
invention is explained With reference to some embodiments 
in the foregoing. HoWever, the present invention is not 
restricted to the above-mentioned embodiments. The present 
invention can be modi?ed in various manners. 

[0101] In the above-mentioned embodiments, the ?ber 
stub 40 is cylindrical. HoWever, the cross-sectional form of 
the ?ber stub may be a polygon such as hexagon or octagon. 

[0102] The optical module 50 in accordance With the 
second embodiment is a receptacle using the thread type 
fastener 320. Alternatively, the optical module in accordance 
With the present invention may comprise a connector struc 
ture of FC type, SF type, FA type, D type, or OF-2 type. 

[0103] Means for securing the external optical ?ber to be 
connected to the optical module in accordance With the 
present invention may be chosen arbitrarily. This is because 
that the sleeve Within the optical module (inner sleeve 33 in 
the above-mentioned embodiments) ensures the optical cou 
pling betWeen the ?ber stub and external optical ?ber. 

[0104] From the invention thus described, it Will be obvi 
ous that the embodiments of the invention may be varied in 
many Ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention, and all 
such modi?cations as Would be obvious to one skilled in the 
art are intended for inclusion Within the scope of the 
folloWing claims. 

What is claimed is: 

1. A ?ber stub comprising: 

a ferrule having ?rst and second ends; and 

an optical ?ber held in said ferrule, said ?ber having ?rst 
and second end faces; 

Wherein said optical ?ber has a ?ber grating; 

said optical ?ber extending from the ?rst end to the 
second end in said ferrule, 

the ?rst end face of said optical ?ber appearing at the ?rst 
end of said ferrule, 

the second end face of said optical ?ber appearing at the 
second end of said ferrule. 

2. A ?ber stub according to claim 1, Wherein at least one 
end face of said optical ?ber is tilted With respect to an 
optical axis of said optical ?ber. 

3. A ?ber stub according to claim 2, Wherein said tilted 
end face and the optical axis of said optical ?ber form an 
acute angle of at least 82° but not greater than 86° therebe 
tWeen. 

4. A ?ber stub according to claim 1, Wherein an antire 
?ection ?lm is provided on at least one end face of said 
optical ?ber. 

5. A ?ber stub according to claim 1, Wherein said ?ber 
stub has an axially symmetrical form about the optical axis 
of said optical ?ber. 
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6. An optical module comprising: 

a ?ber stub including an optical ?ber; and 

a semiconductor optical amplifying device having a light 
emitting face and a light-re?ecting face; 

Wherein said optical ?ber has a ?ber grating; 

said optical ?ber being optically coupled to said light 
emitting face; 

said ?ber grating and said light-re?ecting face forming a 
laser cavity; 

said ?ber stub comprising a ferrule extending along an 
optical axis of said optical ?ber; 

said optical ?ber being secured in said ferrule; 

said optical ?ber extending from one end to the other end 
of said ferrule; 

a ?rst end face of said optical ?ber appearing at one end 
of said ferrule; 

a second end face of said optical ?ber appearing at the 
other end of said ferrule; 

the second end face of said optical ?ber opposing said 
optical amplifying device. 

7. An optical module according to claim 6, Wherein the 
second end face of said optical ?ber is tilted With respect to 
an optical axis of said optical ?ber. 

8. An optical module according to claim 7, Wherein said 
tilted end face and the optical axis of said optical ?ber form 
an acute angle of at least 82° but not greater than 86° 
therebetWeen. 

9. An optical module according to claim 6, Wherein an 
antire?ection ?lm is provided on the second end face of said 
optical ?ber. 

10. An optical module according to claim 6, further 
comprising a lens system disposed betWeen said optical 
amplifying device and said ?ber stub. 

11. An optical module according to claim 10, Wherein said 
lens system comprises a single lens or complex lens. 

12. An optical module according to claim 6, further 
comprising a sleeve for containing said ?ber stub, Wherein 
said ?ber stub ?ts into a holloW portion of said sleeve, only 
a part of the holloW portion being ?lled With said ?ber stub, 
said second end face of said optical ?ber being arranged at 
one end of said sleeve, the other end of said sleeve being 
holloW. 

13. An optical module according to claim 12, Wherein said 
optical module is an optical receptacle, the holloW end of 
said sleeve being adapted to contain the end of an optical 
plug to be connected to said receptacle. 

14. An optical module according to claim 12, further 
comprising: 

a stem having an upper face for mounting said optical 
amplifying device thereon; 

a lead terminal electrically connected to said optical 
amplifying device, said lead terminal extending 
through said stem; 

a cap for covering said optical amplifying device, said cap 
being placed on the upper face of said stem; and 

a holloW holder attached to said stem; 
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Wherein said holder contains said optical amplifying 
device and said cap; 

Wherein said cap has an upper Wall, the upper Wall having 
a through hole; 

Wherein said holder has an upper Wall, the upper Wall 
having a through hole; and 

Wherein, When light is emitted from said optical ampli 
fying device, the light passes through the holes of said 
cap and holder to enter the second end face of said 
optical ?ber. 

15. An optical module according to claim 14, further 
comprising a single lens or complex lens mounted in the 
hole in the upper Wall of said cap. 

16. An optical module according to claim 14, Wherein 
each of said ?ber stub, sleeve, and holder has a form axially 
symmetrical about the optical axis of said optical ?ber. 

17. An optical module according to claim 6, Wherein the 
?rst end face of said optical ?ber projects from said ferrule. 

18. An optical transmitter comprising: 

a substrate; 

a panel erected on said substrate; 

the optical module according to claim 6 attached to said 
panel; 

a driving circuit provided on said substrate; and 

electrical Wiring provided on said substrate, said Wiring 
electrically connecting said optical module to said 
driving circuit; 

Wherein said driving circuit supplies a driving signal to 
said optical module via said Wiring. 

19. An optical communication system comprising: 

an optical transmitter; an optical receiver; and 

an optical ?ber channel connected betWeen said optical 
transmitter and said optical receiver; 

Wherein said optical transmitter includes the optical mod 
ule according to claim 6. 

20. An optical communication system comprising: 

a plurality of optical transmitters; 

an optical multiplexer optically coupled to said plurality 
of optical transmitters; 

an optical ?ber channel having one end connected to said 
optical multiplexer; 

an optical demultiplexer connected to the other end of 
said optical ?ber channel; and 

a plurality of optical receivers optically coupled to said 
optical demultiplexer; 

Wherein each of said optical transmitters includes the 
optical module according to claim 6; and 

Wherein said optical modules have respective oscillation 
Wavelengths different from each other. 


